THE RELATION OF LEUKOSIS TO SARCOMA OF CHICKENS : II. MIXED OSTEOCHONDROSARCOMA AND LYMPHOMATOSIS (STRAIN 12) by Furth, J.
THE RELATION OF LEUKOSIS TO SARCOMA OF CHICKENS* 
II.  MIXED OSTEOCHONDROSARCOM-A  AND LY~_e~rO~ATOSlS (STRAIN 12) 
BY J.  FURTH, M.D. 
(From the Department of Pathology, Cornell University Medical College, New York) 
PLATES 8 TO 10 
(Received for publication, August 29, 1935) 
Some transmissible neoplasms in chickens result from the growth 
of a  single type of cell and others from the growth of  two or more 
types of cells.  In the present work the transmissible diseases produced 
in successive passages by injection of tissues or tissue extracts deriving 
from a  chicken having either leukosis or sarcoma,  or both,  will be 
designated strains, and we shall distinguish between simple and com- 
plex strains, as just characterized.  The sarcomata of Rous (1)  and 
the  erythroleukosis of  J(~rmai  (2)  are  examples  of  simple  strains, 
while our Strain 13 (3) is a complex strain resulting from the growth 
of  endothelium  and  of  primitive  erythroblasts.  Similar  complex 
strains have been described by Oberling and Gu6rin (4) and by Rothe 
Meyer and Engelbreth-Holm (5). 
The discovery that avian sarcoma (1) and leukosis (6) are produced 
by viruses at{ords ready explanations for the occurrence of complex 
strains by admixture.  It may be argued that one virus may stimu- 
late to multiplication several types of cells, but it is as equally con- 
ceivable that the  complex strains  are produced by  two or more vi- 
ruses.  This question is still unsettled and it will be dealt with here. 
The finding of a new complex strain (No. 12), here described, gave 
opportunity to undertake such a  study.  Osteochondrosarcoma oc- 
curred in a  chicken that was inoculated intravenously with blood of 
a chicken having lymphomatosis of Strain 2.  Strain 2 itself is com- 
plex (7).  Although the majority of the chickens inoculated with it 
develop lymphomatosis, in many birds there is evidence of growth of 
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basophile  erythroblasts,  myelocytes,  and  endothelial  cells;  Strain  2 
does  not  produce  bone  tumors.  Among  the  passages  of  Strain  12 
there  occurred  osteochondrosarcoma  or  the  type  of neoplasms  pro- 
duced by Strain  2, mainly lymphomatosis or a  combination of these 
neoplasms.  Our  first  series  of  experiments  was  based  on  the  as- 
sumption  that  a  bone  tumor  virus  had  contaminated  the  virus  of 
leukosis of Strain 2 and we attempted to separate these two hypothe- 
tical  agents.  It  has  been possible  to  reisolate  leukosis  of  Strain  2 
by procedures  here  described;  but  attempts  to  isolate  a  virus  that 
produces bone tumor unassociated  with leukosis have thus far been 
unsuccessful. 
Viruses  causing  osteochondrosarcoma  in  chickens  have  already 
been described by Rous, Murphy,  and  Tytler (8, 9) and Muto  (10). 
According  to Tytler  (9)  the  tumor first mentioned  (Chicken  Tumor 
VII) appeared to have arisen from the periosteum, and the neoplastic 
tissue  consisted  of spindle-shaped  or multipolar  cells  of fibroblastic 
type.  The  tumor now to be described is a  neoplasm  of osteoblasts 
and  its  virus  does  not  stimulate  common  connective  tissue  cells, 
while  the  virus  of the  Chicken  Tumor  VII  of Rous,  Murphy,  and 
Tyfler produced neoplasms when injected into the voluntary muscles, 
by affecting the connective tissue cells there present. 
Origin of Strain 12 
The origin of Strain 12 in the fourth passage of Straii~ 2 is indicated 
in  Text-fig.  1  of  the  paper  that  describes  transmission  experiments 
with Strain 2  (7). 
No. 3293, a young Barred Rock chicken weighing approximately 900 gin., was 
injected Dec.  15, 1932, in the wing vein with  0.05 cc. blood of a chicken with 
lymphatic leukemia of Strain 2.  Apr. 21, 1933, a firm fusiform tumor approxi- 
mately 9 x 4 x 4 cm. was found at the site of injection encircling the right humerus. 
A part of the bony tumor was removed from the anesthetized bird and was trans- 
planted into 3 chickens.  6 days later, chicken 3293 was moribund; it was killed 
and another  transplantation  of the tumor attempted (Text-fig. 1 and Table I). 
At autopsy the cortex of the humerus was thickened, ill defined, and its lumen, 
normally air-containing, was infiltrated with tumor tissue (Fig. 1).  The growth 
extended by direct continuity into the cavity of the chest.  The lungs were thickly 
and uniformly studded  with partly confluent gray-white or hyaline gray tumor 
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tissue.  The blood-forming organs (bone marrow, spleen,  and liver) showed no 
changes suggestive  of leukosis.  Microscopic appearances of the wing tumor are 
shown in Figs.  5 and 6.  The soft parts of the tumor were composed of large 
round or polygonal cells which were either detached or arranged like epithelial 
cells.  Their nucleus was large vesicular or oval, poor in chromatin, containing 
one or, occasionally,  two large nucleoli  (Fig.  8).  The firm parts of the tumor 
showed on microscopic examination formation of cartilage and to a lesser extent 
bone (Fig. 5).  There was abundant cartilage formation in the metastatic tumors 
in the lungs. 
Transmission Experiments 
Earlier in the course of these studies the transplantation of tumors was made 
by cutting the tumors into small fragments in the presence of Locke or Tyrode 
solutions and injecting a suspension  of tumor particles intramuscularly.  Later 
the technic was modified by bringing the tumor tissue in proximity to normal 
bones.  The inoculations in the wing were made by injecting tumor tissue about 
the periosteum of the humerus.  On withdrawing the needle, minute amounts of 
tumor tissue were introduced into  the muscle  and subcutaneous  tissue.  The 
inoculations in the breast were made by piercing the sternal keel and injecting 
small particles of the tumor into the muscle  tissue and into the sternal keel. 
Two of 8  birds  receiving intramuscular injections of tumor tissue 
of  chicken  3293  developed  sarcoma;  in  2  others  the  small  tumors 
that  developed  at  the  site  of  injection  regressed;  four  remained 
healthy (Text-fig. 1 and Table I).  Numerous subpassages were made, 
but  several  attempted  transfers  were  unsuccessful,  and  our  major 
problem was to keep this strain alive.  This necessitated frequent in- 
tramuscular  transplantations  of  tumor  tissue,  a  procedure  that  we 
hoped might result in the elimination of the leukosis virus.  At the 
same time experiments were undertaken to demonstrate whether the 
osteochondrosarcoma is caused by a  virus,  and if so,  to preserve it. 
Text-fig.  1  gives  a  survey of the  first 40 passages,  made between 
May,  1933, and April,  1935.  It shows only the chickens from which 
subpassages  were  made  and  the  results  of  individual  passages  are 
given in Table I.  The striking feature of these inoculations is that 
among the passages  made from chickens with  apparently pure bone 
sarcoma  there  occurred again  bone  sarcoma  and  leukosis. 
Chickens  that died of intercurrent diseases within 1 month after inoculation 
and showed  no evidence of leukosis  or tumors were discounted from the total 
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cessful injections.  In a  few  chickens the  tumors produced by inoculation re- 
gressed; they were counted arbitrarily among the successful injections. 
The majority of chickens used were Barred Rocks.  The few White Leghorn 
and hybrid chickens tested proved equally susceptible.  The age of the chickens 
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TExT-FIG. 1,  Passages of Strain 12. 
S =  sarcoma; L  =  leukosis of the types produced b'y Strain 2, mainly  lympho- 
matosis; SL  =  sarcoma and leukosis; -  =  inoculation unsuccessful.  Route of 
I 
injection: ]  =  intramuscular (i.m.);  intravenous (i.e.);  =  ~  -- intramuscu-  !  ! 
lar and intravenous. 
varied from a few weeks to a few years.  In contrast to most strains of leukosis 
and sarcoma, young chickens were not more susceptible to Strain 12 than older 
ones, and the high incidence of fatal intercurrent diseases among young chickens 
made it desirable to use mature chickens in experimental studies of this disease. TABLE  I 





































XH  a 
XII  c 
XII  d 
XIII  b 
XIII  c 
No. of successful injections 
No. of  No. of un-  Route  chick- 
Material injected  of in-  Bone sar-  successful 
ens in-  Bone  injections  jection  jected  sarcoma  coma and  Leukosis 
leukosis 
Tumor  particles  i.m.  8  2  2  4 
"  "  "  4  4 
"  "  "  9  5  2 
"  "  "  1  1 
"  "  "  4  1  2 
"  "  "  1  1 
"  "  "  5  1  4 
"  "  "  4  1  3 
"  "  "  5  5 
"  "  "  3  3 
"  "  "  2  2 
"  "  "  3  3 
"  "  "  2  2 
"  "  "  3  1  2 
"  "  "  3  3 
"  "  "  3  1  2 
"  "  "  4  1  2 
"  "  "  14,  4  2  6 
"  "  "  11  5  2 
"  "  "  4  3  1 
"  "  "  2  2 
"  "  "  2  1 
"  "  "  3  1  2 
"  "  "  4  1 
"  "  "  3  1 
"  "  '¢  2 
"  "  "  4  3 
"  "  "  5  3 
Blood  "  3  3 
Tumor  particles  "  3  3 
Blood and tumor  i.v.  4  2  2 
cell suspension 
Tumor  particles  i,m.  4  2  1  1 
"  "  "  1  1 
"  "  "  3  2  1 
Blood and  tumor  i.v.  5  1  1  3 
cell suspension 
Tumor  particles  i.m.  4  2  1 
"  "  "  2  1  1 
"  "  "  2  1  1 
and blood  i.v.  3  2  1 
Tumor  ceU  sus-  "  4  1  2 
pension  t 
Tumor  particles  i.m.  6  1  2 
"  "  "  7  I  2 
169  45  (27%)~  ~oi  17  (10%)77  (46%)  Total.. 
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Table I shows that 54 per cent of the transmissions with living cells 
were successful.  Of the injected chickens 27 per cent had sarcoma, 
10 per cent leukosis, and 17 per cent had both.  Five successive sub- 
passages, made from chickens with sarcoma and apparently free from 
leukosis,  shown in  the last  vertical column of Text-fig.  1,  did not 
change the ability of this strain  to produce leukosis.  If  Strain  12 
consists  of two viruses, one that produces bone tumor and  another 
that produces leukosis,  the leukosis virus is obviously present in all 
chickens with seemingly pure osteochondrosarcoma, but we have no 
knowledge concerning the conditions that maintain the existence of 
the leukosis virus in the chickens with sarcoma. 
The numerous unsuccessful inoculations induced us  to  try to in- 
crease the susceptibility of the experimental birds by irradiation with 
X-rays, but without success. 
The following is a  summary of two experiments (passages  IIIb  and  IVd). 
Unirradiated chicks .........  K 33 sarcoma, D 35 sarcoma, D  52 sarcoma, K  56 
negative, D  194 negative. 
Irradiated with 350 r ........  D  18 negative, D  125 negative. 
Irradiated with 500 r ........  K 12 sarcoma, K 16 sarcoma and leukosis, K 18 neg- 
ative, D 45 sarcoma and leukosis, K 58 negative. 
Similar results which were obtained with different viruses that produce leukosis 
or tumor led us to abandon further attempts to increase the susceptibility of 
chickens by X-rays.  When younger chickens are used, the loss due to X-ray 
injuries is considerable and irradiation of large numbers of mature chickens is 
expensive. 
An attempt to separate the hypothetical sarcoma  agent from the 
leukosis  agent was made by injecting diminishing amounts of tumor 
tissue into healthy chickens, but without success. 
The bird from which passage VIII a was made showed no blood involvement 
of leukosis.  Nevertheless, minute amounts of its bony tumor (0.2 cc. of a dilu- 
tion of 1:10,000) produced leukemic lymphomatosis with no tumor at the site 
of injection.  The tumor tissue diluted 1 : 100 produced both sarcoma and leukosis. 




Result of injection 
D 56 sarcoma and leukosis, D 76 negative, D 131 sarcoma 
K 69 sarcoma and leukosis, K 87 sarcoma, K 107 negative 
K 79 leukosis, D 105 neurolymphomatosis, K 112 leukosis j.  r~rgTH  133 
The few cases of  neurolymphomatosis  occurring  among the passages  of  this 
strain  may be regarded  as spontaneous (11). 
Similar results  obtained with a strain of sarcoma  (endothelioma) 
associated with leukosis (Strain 13  (3)) indicate that it is unlikely 
that experiments of this  kind will  yield the sarcoma virus free  from 
the leukosis virus. 
Separation  of the Leukosis  Agent.--The  experiment  described  sug- 
gested  that  even in  tumor  tissue  the  concentration  of  the  leukosis 
agent  is  greater  than  the  concentration  of  the  sarcoma  agent,  and 
attempts  were made,  therefore,  to  separate  the leukosis agent  from 
the  sarcoma  agent. 
Clotted  blood of a  chicken that  had lymphomatosis was injected  into  the 
breast of 4 chickens, piercing the sternal keel in a similar manner to that used for 
the transmission of osteochondrosarcoma.  2 of the 4 chickens injected developed 
leukosis free from sarcoma.  The results  of further  subpassages are shown in 
Text-fig.  2.  Osteochondrosarcoma did  not  occur  in  this  series  involving  34 
chickens, of which 15 developed lymphomatosis of the type produced by Strain 
2, and 1 neurolymphomatosis. 
In  the  experiments  shown  in  Table  II,  fresh  blood was used for 
inoculation, unless stated otherwise.  Injections made with the blood 
of  another  leukotic  chicken  (No.  5425)  that  was  inoculated  with 
osteochondrosarcoma tissue  and  developed  lymphomatosis  unasso- 
ciated with  bone  tumor,  yielded  results  similar  to those shown in 
Text-fig.  2.  2  of 4  chickens injected in the breast died of lymph- 
omatosis and  2  of intercurrent  disease. 
These observations support the assumption that Strain  12 consists 
of a  mixture of sarcoma and leukosis agents;  the latter is of greater 
virulence, is present in the blood in more active form or in a  greater 
concentration,  and  can  for  this  reason  be separated  from  the  virus 
of osteochondrosarcoma. 
Since most of these passages were made with cell-containing  mate- 
rial, it is probable that the disease was the result of the multiplication 
of immature blood cells, and that in many chickens the virus did not 
come  in  contact  with  susceptible  bone  cells.  For  this  reason  two 
experiments were made:  (a) Desiccated blood of a chicken (No. 5183, 
Table II)  with presumably pure  leukosis  was  injected  through  the 
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TABLE  II 
Inoculation with Desiccated and Frozen  Tumor of Strain  12 































chickens  No. of successful 
injected  injections 
15  3  0 
26  3  0 
62  3  0 
19  6  1 (s) 
75  6  0 
133  6  0 
154  6  1 (S) 
56  6  0 
107  6  0 
366  6  0 
278  6  1 (S) 
140  6  0 
227  6  0 
1  6  2 (S) 
21  6  0 
5  2  (s) 
2  0 
2  0 
4  i  (S), I (SL) 













1 (SL), 1 (L) 
1 (S), 3 (SL), 2 (I 
2 (s) 










2 (s), 2 (L) 
1 (S), 1 (SL) 
2  (S), 2  (SL) 
1 (SL) 
Notes on  Table II.--AI1 injections were made in the wing and breast muscles 
and in the proximity of bones.  Fresh and frozen tumor tissue was injected at 
different sites into the same chickens.  Three of four dried samples were tested 
on each chicken, the material being injected at different sites such as wing, breast, 
and leg. 
The capital letters in the columns headed "Successful injections" show the 
type of disease produced, sarcoma (S) and leukosis (L) respectively. 
The fresh tumor of chicken No. 3226 was virulent; the table does not show 8 
chickens that were injected with it after a previous unsuccessful inoculation  with 
this strain, 5 of which developed tumors at the site of injection. 136  LEUKOSIS,  AND  SARCOMA  OF  CHICKENS.  II 
The virus of leukosis of Strain 2 introduced in a  similar manner like- 
wise failed to produce bone tumors (11).  (b) The blood of a  chicken 
(No.  5378,  passage XIVa)  that had bone sarcoma and  leukosis was 
injected  in  the  breast  muscle  and  about  the  keel  bone,  and  intra- 
venously into  5  chickens.  One,  killed  43  days,  another  killed  116 
days  and  a  third  that  died  42  days  after  injection,  had  lymphatic 
leukemia and  osteochondrosarcoma at  the  site of injection. 
These  experiments  strongly  support  the  view  that  leukosis  of 
Strain 2 can be reisolated from Strain  12; they show that the virus of 
osteochondrosarcoma circulates in the blood of tumor-bearing chick- 
ens. 
Attempts  at  Cell-Free  Transmission.--Two procedures,  desiccation 
and freezing and  thawing  (Table II),  were used  to  demonstrate  the 
causation  of  Strain  12  by an  agent  separable  from living  cells. 
Tumor tissue of 12 chickens was dried in the frozen state as described in previ- 
ous reports (12, 7).  Successfully dried samples of viruses that produce neoplasms 
kept in the refrigerator usually retain their activity almost undiminished during 
periods of years.  Table II shows that only 3 of 12 dried specimens were active. 
One of these (No. 3920), tested 19 and 278 days after drying, proved equally active 
but produced tumors in only 2 of 12 inoculated chickens. 
Freezing and thawing was performed by submerging  cut up tumor tissue  in 
alcohol in a sealed test tube at -30°C. during 30 minutes.  Previous experiments 
(12, 7) have shown that this procedure injures the viruses only slightly, but it 
destroys live cells.  Table II shows that the agent of Strain 12 resists  freezing 
and thawing better than desiccation in the frozen state. 
Anatomical Characteristics  of the Tumors 
The anatomical changes  in the chicken from which  Strain 12 took its origin 
and the method of transplantation of tumor tissue and inoculations with  the 
cell-free virus have been described above.  In the chickens with tumors produced 
by transplantation the growth appeared about the periosteum of the humerus, 
remained firmly adherent to it, and extended into the muscle tissue; the humerus 
either remained air-containing or became filled with tumor tissue,  in some cases 
being destroyed and lost in the new growth.  In  the sternum the  tumors ap- 
peared as nodular prominences on either side of the sternal keel from which they 
could not be separated.  In several chickens which died with the blood involve- 
ment of lymphomatosis and anemia, or of an intercurrent disease,  a small bony 
projection from the sternal keel, microscopically  osteochondrosarcoma or osteo- 
chondroma, was  the only bone tumor found.  Fig.  2 shows destruction of the 
sternal keel by tumor. J.  ~w~T~  137 
The growth in  the breast  muscle produced by similar  injection  with  either 
Strain 2  (11),  13  (3),  11 or 15  (13) did not destroy the sternal keel.  Separate 
tumors appeared on both sides of the breast muscles.  Although in some chickens 
the bone cavities were infiltrated with tumor tissue, bone and cartilage formation 
occurred only in chickens that received tissues of Strain  12. 
Somewhat more than  one-half of the chickens remained free from blood in- 
volvement and the grafted bone tumors grew progressively, reaching a  size of 
from 6 to 10 cm. in largest diameter, 1 to 3 months after injection. 
The  degree of bone  formation  in  the  inoculation  tumors  was variable.  In 
rapidly growing tumors there was only slight evidence of deposition of the inter- 
ceUular substance of cartilage or bone (Fig. 7).  Older tumors, on the contrary, 
contained so much bone that  the tumor could not be cut with a  knife.  Bone 
formation was most extensive in the central parts of the older tumors, whereas 
the peripheral parts consisted of gray or pink soft growth of osteoblasts.  Slowly 
growing tumors almost invariably contained bone and cartilage. 
Metastatic  tumors  formed  diffuse  or  nodular  infiltrations.  Of  50  chickens 
with tumors at the site of inoculation, metastasis was found in 11.  The scarcity 
of metastatic involvement may be explained in part by the fact that many chickens 
died of leukosis or of intercurrent diseases or were killed for experimental studies, 
within from 1 to 2 months after inoculation.  The sites of metastasis were the 
liver (Figs. 3, 12), bone marrow (Fig. 10), spleen, kidney, lung, ovary, and bones. 
Microscopically the metastatic  tumors were  osteoblastomata with  (Fig.  12)  or 
without  (Fig.  10)  cartilage formation. 
In order to determine  the favorite sites of the growth of the osteo- 
blasts  of Strain  12,  5  chickens  were  injected  intravenously  with  sus- 
pension  of  bone  tumor  cells  filtered  through  absorbent  cotton;  the 
same chickens were also injected/intramuscularly  with unfiltered  sus- 
pension.  Tumors  appeared  in  the  internal  organs  in  4  of  these 
chickens and in the breast  of all. 
In  one  of  these  chickens  the  tumor,  microscopically osteochondrosarcoma, 
that grew in the breast, measured 1 cm. in largest diameter 48 days after injection 
and 3.5 cm. at autopsy 91 days after injection.  Diffuse infiltration  and 1 to 3 
mm.  tumor nodules formed by osteoblasts  enlarged the liver  to approximately 
twice its normal size.  The spleen weighed 6 gm.  Its pulp was studded with ceils 
like osteoblasts.  The heart  blood and sections  of organs gave no evidence of 
leukosis.  In another of these chickens similarly injected the breast tumor meas- 
ured 5 x 3 x 3 cm. 78 days after injection and showed the formation of bone  and 
cartilage but the blood-forming organs gave no evidence of sarcoma or of leukosis. 
In a third chicken there were areas of cartilage formation in the breast tumor, but 
the growth in the internal organs (liver, kidney, bone marrow, and lung) consisted 
of osteoblasts with no bony or cartilagenous intercellular substance. 138  LEUKOSIS,  AND  SARCOMA  OF CHICKENS.  II 
Somewhat less than  one-half of the chickens with  sarcoma at  the 
site of inoculation  showed blood and organ  changes characteristic  of 
Strain 2.  The number of basophile lymphocytes in the blood varied 
from a few to an estimated 200,000 per c. ram.  Most chickens with 
lymphomatosis  had  severe  anemia  with  numerous  erythroblasts  in 
the  blood.  Myelocytes were  found  in  a  smaller  number  of  these 
chickens.  These leukotic blood changes, as well as the organ changes 
with  which  they  were  associated,  have  been  described  in  previous 
communications (7, 11).  Endothelial neoplasms similar to those pro- 
duced by Strain  2  (14),  also occurred among the chickens inoculated 
with  Strain  12.  Fig.  9  shows  chondrosarcoma  of  the  inoculated 
breast  and  cuboidal cells in gland-like  arrangement  similar  to Fig.  5 
of the  paper  that  describes the morphological  characteristics  of the 
endothelial lesions produced by our Strain  2  (14).  In an occagional 
section  the  endothelial  growth  could not  be distinguished  with  cer- 
tainty from growth of osteoblasts. 
It  is noteworthy that,  with one exception,  intramuscular  inocula- 
tion of bone tumor in the manner described did not result in the for- 
mation  of lymphomatous  infiltration  at  the  site  of injection.  Bone 
tumor  was  not  produced  by similar  introduction  of lymphomatous 
tumor tissue of Strain 2, but it occurred after injection with leukemic 
blood of chickens with osteochondrosarcoma of Strain  12. 
The bone tumor of Rous,  Murphy,  and Tytler  (8,  9)  consisted of spindle- 
shaped cells of fibroblastic type about which cartilage was laid down, followed in 
many instances by the formation of true bone containing red marrow.  Tumor 
filtrate injected into muscles produced similar growths with elaboration of carti- 
lage and bone.  The tissue changes involved were neoplastic transformation  and 
metaplasia.  Bone was obtained by continuous conversion of cartilage into cal- 
cified osteoid tissue, and osteoblasts  appeared to play no part in the bone for- 
mation. 
All tumors produced by cell-free virus of Strain  12 arose from pre- 
formed  bones  or  cartilage.  They  were  small  when  the  experiment 
was terminated,  the largest measuring 0.7 cm. across, and none pro- 
duced metastases.  None of the chickens injected  with dried  tumor 
tissue developed leukosis,  although  3 of the control chickens died of 
this disease. 
The early microscopic changes in the formation of bone tumor by j.  FtmT~  139 
virus  are  shown  in  Fig.  4.  The  cortex is  thicker,  the  Haversian 
canals wider, the bone corpuscles are hypertrophied and transformed 
into osteoblasts.  Much of the old bone is resorbed, its place being 
taken by the proliferating osteoblasts about which new intercellular 
substance with the staining qualities of cartilage and bone is deposited. 
The newly formed bone invades the medulla of the old bone and the 
surrounding tissues by continuity. 
The histological characteristics of the osteochondrosarcomata produced in the 
sternal keel of 2 chickens  with blood of a tumor-bearing fowl were similar to those 
produced by the virus.  In one of these chickens the tumor measured 2.5 cm., 
in the other 0.5  cm. in longest diameter, 42  days after inoculation when one 
chicken died and the other was killed. 
The virus of Strain  12  produces neoplastic changes only when it 
is brought in contact with preformed bone.  The proliferative cells 
have the morphological characteristics of osteoblasts  (15); they form 
rapidly  growing  tumors  with  almost  no  intercellular  substance  or 
slowly growing bony and  cartilaginous tumors,  occasionally benign 
in appearance.  Under the influence of the virus of Strain 12, cartilage 
and bone cells arise from or change into osteoblasts, but the common 
spindle-shaped mesenchymal cells do not.  This finding requires fur- 
ther  elucidation  since  osteoblasts  are  modified  mesenchymal cells 
which, even in adult organisms, can differentiate into bone-forming 
tissues.  Furthermore,  according  to  Roulet  (16),  the  osteoblasts 
readily dedifferentiate in vitro  into  simple  mesenchymal cells.  The 
tissue  culture studies of Doljanski and of Fischer  (17)  suggest that 
osteoblasts are a  distinct cell type.  Sabin, Doan, and Forkner (18) 
found that the osteosarcomata produced by irradiation were derived 
from osteoblasts. 
It is noteworthy that the bone tumor of Rous, Murphy, and Tytler 
appeared as an almost symmetrical mass on the sternal keel suggestive 
of a developmental anomaly.  Many tumors of our Strain 12 behaved 
in a  similar manner; they were small, 1 to 2 cm. in largest diameter, 
remained almost stationary in size during a period of several months 
and their microscopic appearance was suggestive of a benign cartilagi- 
nous  growth;  nevertheless they  were produced  by  the  same  virus 
that gave rise to highly malignant neoplasms. TABLE  III 
Inoculation with Tumor Tissue of Strain 12 into Chickens Resistant to a Preceding 
Injection with a Tumor- or Leukosis-Producing  Virus 
No. of  No. of 
Previous  No. of  chick-  success-  Type of disease 
injections  passage  ens in-  ful in-  produced 
jected  jections 
A  IVa  3  0 
~in ]2  IVb  12  5  3 (S), 2 (L) 
Vc  6  3  3 (S) 
VIIa  7  2  1 (S),  1 (SL) 
VIIIc  2  1  1 (S) 
VIIId  8  2  1 (S), 1 (L) 
Total  38  13  9  (S),  1 (SL), 
3 (L) 
B  V  c  8  1  1  (L) 
'ain 12, and  VII a  3  0 
or 2 
Total  11  1  ]  (L) 
C  IIIa  9  4 
Strain 2  IV b  8  1 
IVc  3  0 
VII a  3  0 
3 (S), I(L) 
1 (S) 
ViiIc  s  4  1 (SL), 3 (L) 
VIII d  1  1  1 (L) 
Xb  5  0 
Total  34  10  4  (S), 1 (SL), 
5  (L) 
D  IIIa  3  1  1 (S) 
rain l  IVb  5  2  2 (S) 
VIIa  2  0 
VIII a  3  0 
Total  13  3  3 (S) 
E  VII d  2  0 
St rain ] 1 
Control (first) injections 
No. of  No,  oil 
chick-  fulin-  '  succes g- 
ens in- 
jected  jecfions 
-! 
5  o  I 
i 
3  0  t 
14  8 
2  0 
2  2 




4  2 
3  0 
2  0 
14  8 
2  0 
2  2 
5  5 
32  17 
i 
4  i  2 
3  0 
14  8 
ll 
35  19 
2 
Type of disez 
produced 
4(S),2  (SI  2 
(L) 
I 
'  i (s),  i (sL 
5(s),3(sI  2 
i  (L) 
4(s),2  (si  2 
(L) 
4(S),2(SI  2 
(L) 
1 (S),  i (st 
4 (S), 2 (S] 
(L) 
1 (s),  1 (L) 
3 (S), 2 (St 
9 (S), 5 (S] 
(L) 
i  (s),  i (si 
4 (s), 2 (sl 
(L) 
5 (S), 4 (SI 
I lo (s),  7 (sL),  2 
(L) 
I 
I 1  (s),  1 (sI  i 
i 
Notes on Table  III.--The injections with  the  different  strains  were made at 
intervals of from 2 to 4 months.  The tumors that developed at the site of injec- 
tions regressed in three chickens of group A (passage V c), in one of group C  (pas- 
sage IIIa),  and  in two  chickens  of group  B  (passage  IV B),  given among  the 
successful injections.  One chicken of group A  (passage VIII d)  and another of 
group D  (passage VII a), given among the unsuccessful injections, died of neuro- 
lymphomatosis. 
140 J.  FURTH  141 
Marrow formation, a frequent finding in Chicken Tumor VII of Rous, Murphy, 
and Tytler, was a rare occurrence in the tumors of our Strain 12.  The growth 
illustrated in Fig. 11 was produced by injection of tumor particles in and about 
the sternal keel.  The chicken died 88 days later, when the tumor measured 
6 x 4 x 3 cm.  It was sharply circumscribed and consisted of cancellous bone, the 
meshes of which were filled in part by marrow showing foci of erythrocyte and 
granulocyte formation (Fig.  11),  in part by osteoblasts forming cartilage and 
bone.  The microscopic appearance of this growth was not suggestive  of malig- 
nancy, but the large size of the tumor precludes the possibility that it was  pro- 
duced by the trauma of the injection, and not by the material injected.  Particles 
of the tumor removed from the anesthetized bird 25 days before these sections 
were taken were injected through the sternal keel and in proximity to  the right 
humerus of 5 chickens,  3 of which developed tumors.  The pathogenesis of this 
growth requires further study. 
Injections of Chickens Previously Resistant to Inoculations with Strain 
12 or to Other Strains of Leukosis and Sarcoma 
These studies have been undertaken to obtain information concern- 
ing  the  relation of  Strain  12  to  Strain  2.  The results,  summarized 
in Table III, indicate that many chickens once unsuccessfully injected 
with tumor tissue of Strain  12  can be reinjected with success.  This 
is  contrary to  our experience with  transmissible  strains  of  leukosis 
and  to  the  well known behavior of other  transmissible  tumors. 
The  conclusion  can  be  drawn  from  the  data  of Table  III  that  a 
preceding injection with  Strain  12  or with  leukosis  of  Strain  2  pro- 
duces  little  or  no  immunity  against  Strain  12.  It  is  possible  that 
inoculation with the cell-free virus might yield results different from 
those obtained with cell-containing tissues, but the virus of Strain 12 
is so weak that immunity studies with it are at present  not feasible. 
The percentage of successful  injections was  very small among the chickens 
that received Strain 1 (group D) or Strain 12 and 1 or 2 (group B) preceding the 
final injection with tumor tissue of Strain  12.  However, these chickens  were 
much older than their controls and their number is too small to permit the con- 
clusion that the primary injections produced immunity against Strain 12. 
S%rM~ARY AND  CONCLUSIONS 
Osteochondrosarcoma developed in a chicken inoculated with leu- 
kosis  of Strain 2.  In successive  passages made by intramuscular im- 
plantation of tumor tissue  deriving from this  chicken there occurred 
(a)  osteochondrosarcoma free from leukosis, or (b) leukosis free from 142  LEUKOSIS, AND  SARCOMA OF  CHICKENS.  II 
osteochondrosarcoma, or (c) osteochondrosarcoma in association with 
leukosis.  The malignant sarcoma cells of this strain have the mor- 
phological characteristics of osteoblasts. 
Implantation of tumor tissue from chickens with lesions  (a)  and 
(c) yielded both osteochondrosarcoma and leukosis.  Successive pas- 
sages made by intravenous and intramuscular injections with blood 
from chickens with leukosis yielded leukosis only.  Hence it is very 
probable  that  Strain  12  consists  of a  mixture  of an  osteochondro- 
sarcoma-producing agent and the agent of leukosis of Strain 2. 
Strain  12  is readily transmitted by material containing the living 
malignant osteoblasts but transmission is seldom successful with virus 
freed from  living cells.  This  virus produces  neoplasms  only when 
brought in contact with bone or cartilage. 
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EXPLANATION OF PLATES 
The sections  were stained with hematoxylin and eosin-azure  solutions.  The 
magnifications  are  approximate,  All figures illustrate  osteochondrosarcoma  of 
Strain 12. 
PLATE 8 
FIG. 1.  Osteochondrosarcoma  of the chicken from which Strain 12  originated. 
The bony tumor replaces most of the right humerus and invades by continuity 
the thoracic cavity.  Both lungs are studded with tumor nodules. 
FIG. 2.  Osteochondrosarcoma  produced by implantation of tumor cells in the 
sternal  keel  (thirteenth  passage).  The bony tumor projects symmetrically on 
either side of the sternal keel and completely replaces part of it.  (The chicken 
died 63 days after injection.) 
FIG. 3.  Osteochondrosarcoma  of the right humerus produced by transplanta- 
tion of tumor cells.  Metastatic tumors in the liver.  (Second passage;  chicken 
killed  5 months after the injection.) 
PLATE 9 
Fro. 4.  Early osteochondrosarcoma  of the humerus produced with dried tumor 
tissue.  The chicken was killed 30 days after inoculation.  ×  20. 
FIGs. 5 and 6.  Microscopic appearance of osteochondrosarcoma  of the humerus 
of the chicken from which Strain  12 originated.  ×200. 
FIG. 7,  Osteoblastic  proliferation  with only slight  deposition  of cartilagenous 
intercellular  substance produced by intramuscular implantation of tumor cells, 
The chicken was killed 87 days after the injection  when the tumor measured  8 x 
4 x 3.5 cm.  There was extensive metastasis  to the lung.  ×  180. 
PLATE 10 
FIG. 8.  High magnification  (X 900) of th~  malignant  cells characteristic of 
Strain 12.  The section is from the chicken with the spontaneous osteochondro- 
sarcoma. 
FIG. 9.  Breast tumor showing neoplastic  cartilage  and gland-like  structures, 
the latter formed by cuboidal cells, probably endothelial  in origin.  The chicken 
was injected through the sternal keel with tumor cells and died  94 days later. 
X100. 
• FIG. 10.  A small  tumor nodule  in the femoral marrow of the same  chicken, 
formed by osteoblasts.  The marrow contains abundant fat, is slightly congested, 
and shows no evidence of leukosis.  X  180. 
FIG. 11.  Marrow formation in a growth that measured  6 x 4 x 3 cm.,  88 days 
after injection  of tumor cells in and about the sternal keel.  X  100. 
FIG. 12.  Metastatic osteoblastic infiltration in the liver with formation of carti- 
lage.  The gross appearance of the tumor is shown in Fig. 1 and the history given 
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